ABSTRACT Trisodium phosphate (TSP) has been reported to decrease the recovery of salmonellae from processed poultry carcasses. It has been suggested that the high pH and detergent-like properties of TSP solutions are responsible for the reduction in salmonellae recovery. This project was conducted to determine if controlling pH during salmonellae pre-enrichment alters the effect of TSP on salmonellae recovery. Carcasses were obtained from a commercial processing plant immediately after the final inside-outside carcass washer, prior to any other antimicrobial treatments, and before chilling. Carcasses were assigned to 1 of 4 treatment groups: 1) TSP and alkaline pre-enrichment, 2) TSP and neutral pre-enrichment, 3) non-TSP and alkaline pre-enrichment, 4) non-TSP and neutral pre-enrichment. Carcasses were placed
INTRODUCTION
Salmonellae are a common cause of foodborne gastroenteritis. The Center for Disease Control and Prevention (CDC) estimates that 1.4 million cases of salmonellosis, including over 500 fatalities, occur annually in the United States (CDC, 2004) . Therefore, the reduction of salmonellae levels on food is an essential area in food safety research. Antimicrobial treatments such as chlorine and trisodium phosphate (TSP) are used to assist in the reduction of foodborne pathogens on processed poultry. TSP has been approved by the USDA for use in poultry processing plants (Bender and Brotsky, 1992; Giese, 1993) .
The use of TSP as an antimicrobial wash can significantly decrease carcass salmonellae contamination levels (Bender and Brotsky, 1991; Kim et al., 1994a,b; Li et al., 1994; Lillard, 1994; Somers et al., 1994) . However, the mechanisms of salmonellae reduction by TSP are not fully understood. The high pH of 12 (Teo et al. 1996; Sampathkumar et al., 2003) , detachment of bacteria from the car-2005 Poultry Science Association, Inc. Received for publication July 27, 2004 . Accepted for publication November 5, 2004. 1 To whom correspondence should be addressed: fletcher@uga.edu.
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into plastic bags with 500 mL of buffered peptone water (with or without pH adjustment) and shaken for 1 min. Preincubation pH of the rinsate was measured. Carcasses were incubated in the rinse at 37°C for 24 h, and incidence of salmonellae was determined. The pH of the preincubation rinsate was 8.4 for the TSP alkaline pre-enrichment, 7.2 for the TSP neutral pre-enrichment, 8.6 for the non-TSP alkaline pre-enrichment, and 7.1 for the non-TSP neutral pre-enrichment. Salmonellae were detected from 40% of the TSP alkaline pre-enrichment carcasses, 44% of the TSP neutral pre-enrichment carcasses, 54% of the non-TSP alkaline pre-enrichment carcasses, and 38% of the non-TSP neutral pre-enrichment carcasses. Neither TSP treatment nor pre-enrichment pH adjustment significantly influenced carcass salmonellae detection. cass surface (Lee, et al., 1994) , and lipid removal from skin surfaces (Bender and Brotsky, 1992; Giese, 1992 ) have all been suggested as possible factors that lead to lower recovery of salmonellae from broiler carcasses.
In a commercial processing plant, carcasses are treated with 10% TSP (pH 12) at 24°C for 2 to 3 s, and the TSP is allowed to drip off the carcass for about 1 min before immersion chilling. Residual TSP is carried into the chiller and raises the chill water pH. The effectiveness of chlorine is decreased at elevated pH. Therefore, chiller water pH is often neutralized with carbon dioxide gas to improve the antimicrobial efficiency of chlorine. However, in most studies reporting salmonellae reduction by TSP, carcasses are treated for a longer period (10 to 30 min) or chill water pH is not neutralized before sampling for salmonellae (Bender and Brotsky, 1991; Li et al., 1994; Lillard, 1994; Somers et al., 1994) . The objective of the current study was to compare the effect of TSP treatment with and without pH neutralization after treatment on the detection of salmonellae using whole carcass enrichment. 
MATERIALS AND METHODS

Carcass Treatment
In each of 5 trials, 40 prechill broiler carcasses were collected after an inside-outside carcass washer at a commercial processing plant, individually bagged, and transported to the laboratory. Carcasses were divided into 4 treatment groups (Table 1 ) with 10 carcasses per group. Half of the carcasses were treated with TSP (treatments 1 and 2). The carcasses were dipped 2 at a time in 10% TSP for 5 s at 24°C, allowed to drip for 1 min, and placed into a clean plastic bag, and 500 mL of buffered peptone water 2 (BPW) was added. In treatment 2, the BPW also contained 7.5 mL of 2 N HCl to adjust the pH of the preenrichment medium to 7.0 during incubation. The other half of the birds were not treated with TSP prior to placement into bags and addition of 500 mL of BPW. In treatment 3 the BPW contained 4.5 mL of 2 N NaOH to adjust the pH of the pre-enrichment media to 8.5 during incubation. Treatment 4 was the control in which the BPW was unadjusted at a pH of 7.0. All carcasses were shaken for 1 min, and 5 mL of rinsate was removed from each for the pre-enrichment pH determination followed by incubation of the carcasses in the pre-enrichment rinsate at 37°C for 24 h.
In preliminary tests, the pH of the TSP-treated carcasses in 500 mL of buffered peptone was found to be consistently around 8.5. Untreated carcasses incubated in 500 mL of BPW consistently had a pH of approximately 7.0. In these preliminary trials, it was found that it took 7.5 mL of 2 N HCl to adjust the pH of the BPW with the TSP-rinsed carcasses to approximately 7.0 prior to preenrichment incubation. It was also found that 4.5 mL of 2 N NaOH were required to elevate the pH of BPW to approximately 8.5 prior to pre-enrichment incubation of a non-TSP treated or control carcasses. This design allowed for direct comparison of TSP treatment with non-TSP-treated carcasses at neutral pH and pH values of 8.5.
Salmonellae Sampling
Carcasses were sampled using a modified whole carcass enrichment method (Cox and Blankenship, 1975; Simmons et al., 2003a,b; Bourassa et al., 2004; Bystroń et al., 2004). After incubation for 24 h at 37°C, each bag containing a carcass and 500 mL of BPW was shaken for 10 s. One-tenth milliliter of rinsate was transferred to 10 mL of Rappaport-Vassiliadis broth, 2 and 0.5 mL rinsate was transferred to 10 mL TT (Hajna) broth 2 and incubated 24 h at 42°C. Each broth was then streaked onto brilliant green-sulfa 2 and modified lysine iron 3 agar and incubated 24 h at 35°C. Triple sugar iron 2 and lysine iron 2 agar slants were inoculated with suspect salmonellae colonies and incubated for 24 h at 35°C. Poly O 2 and Poly H 4 agglutination tests were used to confirm presumptive positives as salmonellae.
Statistical Analysis
Salmonellae recovery data were analyzed using the chisquared test procedure. Pre-enrichment pH data were analyzed using the GLM procedure of SAS software (SAS Institute, 1998). Sources of variation were treatment (4) and trial (5). For all analyses significance was determined at P < 0.05, and the mean square error was the error test statistic.
RESULTS AND DISCUSSION
Pre-Enrichment pH
The results for the pre-enrichment rinsate pH of the 4 treatments prior to incubation are presented in Table 2 . The mean pH across the 5 trials for the TSP, unadjusted pH treatment (treatment 1) was 8.44 and for the non-TSP Values within a row with no common superscripts differ significantly (P < 0.05). treated, unadjusted pH control (treatment 4) was 7.12.
The neutralized TSP treatment (treatment 2) had a preincubation mean pH of 7.24, which was not significantly different from the control pH of 7.12. The non-TSP, alkaline rinse (treatment 3) had a mean pH of 8.65, which was significantly greater than the pH of 8.44 for the TSP, nonadjusted (treatment 1) rinsate. The TSP, nonadjusted and non-TSP, adjusted (treatments 1 and 3, respectively) were significantly greater than the pH of the TSP, adjusted pH, and control (treatments 2 and 4, respectively) preenrichment rinse. These results show that the pH adjustment of the TSPtreated carcasses and the control carcasses pre-enrichment media was successful. However, the pH of the non-TSP, alkaline-adjusted pre-enrichment medium was significantly greater than the pH of the TSP, nonadjusted medium. Salmonella will grow within a pH range of 4.5 (minimum) and 9.5 (maximum) (Bell and Kyriakides, 2002) . Therefore, the significant difference found between treatments 1 and 3 of only 0.2 pH units is unlikely to have affected salmonellae growth and recovery.
Salmonellae Recovery
Data for recovered salmonellae by TSP treatment and pH adjustment of the pre-enrichment rinsate are reported by number of salmonellae-positive carcasses tested in each trial and treatment (Table 3) . There was wide variation among trials with trial 3 exhibiting 100% of the carcasses as salmonellae positive, where as trials 1 and 5 were only 15% positive. Neither main effects of TSP treatment nor pH adjustment (8.5 vs. 7.0) had any significant effect on salmonellae recovery. Salmonellae were detected from 40% of the TSP alkaline pre-enrichment carcasses, 44% of the TSP neutral pre-enrichment carcasses, 54% of the non-TSP alkaline pre-enrichment carcasses, and 38% of the non-TSP neutral pre-enrichment carcasses (Table 3) .
The lack of salmonellae reduction between the TSPtreated and non-TSP treated carcasses might have been due to the minimal time of the pH shock (<2 min from dip to pre-enrichment), a lack of an immersion chilling step, or the high sensitivity of the method of salmonellae recovery. The high pH shock (pH ∼ 12) from the initial 5-s TSP treatment and 1 min of resident time might not have a significant effect on salmonellae recovery. Similar short-term pH shock results were found in a study reported by Teo et al. (1996) in which only minimal reductions of Salmonella enteritidis cells were detected after 1 min of exposure to pH 11. In another study, a 6-s dip in 10% TSP also did not decrease salmonellae recovery from broiler carcasses (Ellerbroek et al., 1996) . Therefore, in the current study, the rapid exposure of the TSP-treated birds to the BPW, followed immediately by shaking, might have limited the direct pH shock effect of TSP on the salmonellae. Therefore, a pH shock effect would not be as pronounced as in commercial processing and chilling environments or in those previously reported research studies in which TSP exposure was longer or not ameliorated by buffers or pH adjustment.
The lack of an immersion chilling step that would have had a washing or scrubbing action on the carcass may have prevented loose or detached salmonellae from being physically removed from the carcass prior to enrichment. In a previous study, TSP treatment significantly decreased salmonellae recovery in comparison with untreated controls when the methods of TSP treatment and salmonellae detection were the same as in the present study, except carcasses were rinsed off and immersion chilled (in an ice and water mixture) between TSP treatment and salmonellae recovery (Bourassa et al., 2004) .
Whole carcass enrichment has been previously reported as a more sensitive salmonellae recovery method than the rinse aliquot method (Cox and Blankenship, 1975; Simmons et al., 2003a,b) . Although TSP may have decreased carcass salmonellae numbers, the numbers were not low enough (less than 20 cells per carcass) to prevent detection by the whole carcass enrichment method. This increased sensitivity might have allowed salmonellae to be recovered from TSP-treated carcasses and resulted in ineffectiveness relative to other previous studies (Coppen et al., 1998; Yang et al., 1998; Whyte et al., 2001 ).
There was also no significant difference in salmonellae recovery between the neutral and alkaline pH pre-enrichments. This result might have occurred because the alkaline pH of 8.5 was not high enough to decrease salmonellae numbers below the level that they would be detected by whole carcass enrichment. According to Bell and Kyriakides (2002) , the minimum and maximum pH values for salmonellae proliferation are 3.8 and 9.5, respectively. The pH of 8.5 was within that range; therefore the initial pre-enrichment pH was not likely to have significantly affected salmonellae recovery in comparison with pH 7.1.
These results indicate that salmonellae recovery was not affected by TSP treatment or pH adjustment of the pre-enrichment media. This affect might have been due to limited direct exposure to TSP (no pH shock due to rapid rinsing in the preincubation media), the comparative lack of scrubbing and removal of bacteria that would occur during immersion chilling, or the adjusted final pH of the pre-enrichment media not being sufficiently high to result in a significant decrease in salmonellae recovery.
